




SOLID STATE FERMENTATION OF Monascus 
purpureus IN STIRRED DRUM BIOREACTOR 
FOR PRODUCTION OF RED PIGMENT FROM 












MASTER OF ENGINEERING (BIO-PROCESS) 
 




I hereby declare that I have checked this thesis and in my opinion, this thesis is adequate 







Full Name  :  DR FARHAN BINTI MOHD SAID 
Position  :  SENIOR LECTURER  






















I hereby declare that the work in this thesis is based on my original work except for 
quotations and citation which have been duly acknowledged. I also declare that it has not 
been previously or concurrently submitted for any other degree at Universiti Malaysia 




Full Name : MOHAMAD AL AAMIN BIN RAZALI  
ID Number : MKB 13005 





























SOLID STATE FERMENTATION OF Monascus purpureus IN  
STIRRED DRUM BIOREACTOR FOR PRODUCTION OF  












Thesis submitted in fulfilment of the requirements 
 for the award of the degree of  





Faculty of Chemical and Natural Resources Engineering 







All praise to Allah S.W.T who has showed me with kindness and affection during the 
course of my study that I cannot adequately thank for. His endless grace and love have 
provided me with the strength to finish the study. 
I would like to express my greatest gratitude to my supervisor, Dr Farhan binti Mohd Said 
for her higher degree of patience, ideas, encouragement, guidance, suggestions, and 
support in accomplishing this research. She constantly captivated me with her outstanding 
professional conduct and her strong conviction for science. I am very appreciating her 
consistent support from the first day I applied to graduate programme to these concluding 
moments. I am truly grateful for her advanced vision about my training in science, her 
commitment to my forthcoming career and her tolerance of my countless mistakes. Thank 
you for not give up with me. 
My sincere thanks to go to all my lab mates especially Dr. Abu Hannifa and members of 
the staff of Faculty of Chemical & Natural Resources Engineering who helped me in 
many ways and made my day at UMP comfortable and unforgettable. 
Finally, a special appreciation and deepest gratitude to my lovely superhero wife, Nor 
Farhana, for her love, dream and sacrifice throughout this journey. Without her hard work 
and sacrifice, I can say that the existence of this thesis is impossible at all. Last but not 
least, thanks to my parents, Che Jah Shafie and Razali MD. Salleh, family members and 
friends who shared their support. I cannot find the appropriate words that could properly 
describe my appreciation for their devotion, support and faith in me to successfully 




Disebabkan terdapat pelbagai keprihatinan mengenai kesan pewarna sintetik, 
pengeluaran pewarna semulajadi secara besar-besaran menjadi alternatif yang berpotensi 
dalam memenuhi permintaan pewarna dalam industri makanan. Kajian ini memberi 
tumpuan kepada keupayaan dram bioreaktor untuk menghasilkan pewarna merah 
menggunakan Monascus purpureus FTC 5357 dan pelepah kelapa sawit (OPF) sebagai 
substrat, melalui proses fermentasi secara pejal. Terdapat tujuh parameter yang terlibat 
iaitu kandungan lembapan awal (% v/w), saiz inokulum (spora/mL), kepekatan peptone 
(% w/w), pH awal, kadar pengudaraan (vvm) program agitasi (kitaran/hari) dan kapasiti 
muatan (% v/v) telah diuji untuk menentukan kadar penghasilan pigmen merah, biomas 
dan penggunaaan glukosa. Tiga respon, iaitu pengeluaran pigmen merah, biomas, dan 
penggunaan glukosa, untuk mengenal pasti faktor-faktor penting yang mempengaruhi 
proses fermentasi secara pejal. Teknik satu faktor pada satu masa (OFAT) dan kajian 
saringan faktorial rekaan 2 peringkat telah digunakan dalam kajian ini. Dalam kajian 
OFAT, pengeluaran pigmen tertinggi ditunjukkan pada kadar pengudaraan 1 vvm (6.09 
AU/g) dan pengeluaran terendah menunjukkan pada 45% kandungan lembapan awal (0.1 
AU/g). Dalam dua peringkat reka bentuk faktorial, pengeluaran maksimum pigmen 
adalah 71.86 AU/g dengan menggabungkan 75% v/w kandungan lembapan awal, 108 
spora/mL saiz inokulum, pH awal 4, kadar pengudaraan 1.21 vvm, kapasiti muatan 35% 
v/v dan program agitasi adalah 6 kitaran/hari. Faktor yang paling penting yang 
menyumbang kepada pengeluaran pigmen merah ialah kadar kelembapan awal, dengan 
nilai F dan nilai p pada 46.54 dan 0.0002, masing-masing diikuti dengan saiz inokulum, 
dengan nilai F dan nilai p ialah 14.12 dan 0.0071. Pemerhatian yang sama juga terdapat 
pada biomass, di mana kelembapan awal menjadi penyumbang tertinggi dengan nilai F 
dan p adalah 55.07 dan 0.0051, diikuti dengan kepekatan peptone dengan nilai F dan p 
adalah 20.47 dan 0.0202. Kesimpulannya, kajian ini telah membuktikan potensi 
penggunaan dram bioreaktor dan substrat OPF dalam pengeluaran pigmen merah yang 






Various concern have been reported regarding the effect of existing synthetic colorant, 
hence, mass production of natural colorant seems to be a potential alternative in fulfilling 
the demand of colorant in industries. This research has emphasized on the process 
capability of stirred drum bioreactor on performing solid state fermentation (SSF) of 
Monascus purpureus FTC 5357 by using oil palm frond (OPF) for production of red 
pigment. Seven parameters, namely, initial moisture content (% v/w), inoculum size 
(spores/mL), peptone concentration (% w/w), initial pH, aeration rate (vvm), loading 
capacity (% v/v) and agitation programme (cycles/day) were evaluated for red pigment 
production, biomass, and glucose consumption. One Factor at A Time (OFAT) and two 
level factorial screening designs were used in the study. Three responses, which were red 
pigment production, biomass, and glucose consumption have been used as responses to 
identify the significant factors affecting the SSF process. In OFAT studies, the highest 
pigment production was recorded at aeration rate of 1 vvm (6.09 AU/g) and the lowest 
production was obtained at 45% of initial moisture content (0.1 AU/g). In two level 
factorial design experimental studies, the highest pigment production was 71.86 AU/g by 
incorporating 75% v/w of initial moisture content, 108 spores/mL of inoculum size, initial 
pH of 4, aeration rate of 1.21 vvm, loading capacity of 35 % v/v and agitation programme 
of 6 cycles/day. The most significant factor contributing to the red pigment production 
was initial moisture content, with F-value and p-value of 46.54 and 0.0002, respectively, 
followed by inoculum size, with F-value of 14.12 and p-value of 0.0071, respectively. 
Similar observation also occurred for biomass, shows that highest contribution from 
initial moisture content with F-value of 55.07 and p-value of 0.0051, followed by peptone 
with F-value of 20.47 and p-value of 0.0202, respectively. In conclusion, this work 
demonstrated the potential of using stirred drum bioreactor and OPF substrate in 
producing higher yield of red pigment production (71.86 AU/g) compared to shake flask 
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